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Description 

This Invention pertains to both a useful and novel drug-delivery device for dispensing a drug to an environment of 
use. Particularly, the invention pertains to a system that releases a drug in a controlled fashion, by creating gelatinous 
microscopic particles of polymer and in so doing, generates a dispersion of drug among the miaoscopic particles. The 
dispersion then moves from the device surface into the aqueous environment of use. 

The device is composed of a core containing a beneficial agent such as a medicament, a polymer which provides 
gelatinous microscopic particles upon hydration and If desired a hydration modulating agent The device is completely 
coated with an Insoluble. Impenneable coaling. The coating contains apertures to expose discrete portions of the sur- 
face of the core. The delivery rate of the medicament Is a function of the core composition as well as the number and 
size of the apertures. 

In the environment of use. biological fluid contacts the exposed portions of the core surface where hydration of the 
polymer at the surface begins. As the partides of polymer at the exposed surface absorb water, a gelatinous micro- 
scopic dispersion of particles results. Mixed with and dispersed In these microscopic particles are the other compo- 
nents of the core formulation, such as a medicament. 

The exposed portion of the core surface is bounded on all sides by the coating. Hydration of the polymer occurs at 
the exposed surface of the core, resulting in the steady-state formation of a gelatinous microscopic particle dispersion 
within which the drug is dispensed and which moves into the environment of use. 

The rate of release of the beneficial agent is not dependent upon the solubility of the beneficial agent In the biolog- 
ical fluid. Rather, the release rate Is essentially dependent upon the rate at which the gelatinous microscopic particle 
dispersion forms at the exposed surface of the device core and exudes from the device carrying with it the beneficial 
agent and any other core exdpient materials that are present. 

BACKGROUND OF THE INVENTION 

The need for systems that can deliver any drug at a controlled rate of release to an environment of use over a spec- 
if ied period of time is well established. 

U S Patent 4.814.182 discloses the use of rods or slabs of pre-hydrated and swelled polyethylene oxide hydrogel. 
The polymer is impregnated with a biologically active agent during the hydration procedure. The hydrated polymer is 
then dried and partially coated with an impermeable, insoluble material. When placed in an aqueous environment, the 
polymer swells but does not dissolve or disintegrate. The entrapped active ingredient is released from the polymer by 
diffusion. The mechanism of release is based on the ability of the soluble drug to diffuse through the rehydrated hydro- 
gel and move into the aqueous environment. 

U.S. Patent 4.839.177 disdoses the use of hydrogels compressed to defined geometric forms. In this device, the 
polymer is mixed with bfologically active ingredients to form a core wWch is affixed to a "support platform" made of an 
insoluble polymeric material. When hydrated. the swellable. gellable hydrogel expands beyond the device and estab- 
lishes a superstructure from which the active agent is released either by diffusion. If the active agent is soluble, or by 
erosion, if the active agent Is Insoluble. The generation and maintenance of the superstructure is vital to the proper 
operation of this device. 

An osmotic dosage form which utilizes a semipermeable wall containing at least one "exit means" which passes 
through the wall, surrounding a core containing an osmotic agent, a neutral and ionizable hydrogel and an active ingre- 
dient is taught In U.S. patent 4,971 ,790. The coating of this device Is permeable to water from the environment of use. 
Water moves into the core through the semipermeable membrane. Once Inside the device, the water solubilizes the 
osmotic agent and hydrates the hydrogels. Pressure builds up inside the device. Ultimately, the solubilized hydrogel. 
containing the benefldal agent, and other core exdplents are pumped out of the core, under pressure, through an exit 
means and Into the environment of use. 

U S Patent No. 4.327.725 describes a similar dosage form comprising a semipermeable wall sun'ounding a com- 
partment containing all active agent adjacent to an exit means In the wall and a layer of an expandable driving member 
formed of a water-swellable hydrogel positioned distant from the exit means. Fluid imbibed Into the compartment 
expands the swellable hydrogen thereby driving the active agent out of the compartment via the exit means. 

Related dosage forms are described in European Patent Specification No. 0 378 404-A whidi relates to devices 
which comprise a permeable wail surrounding a compartment which contains the active agent(s) and hydrogel, said 
wail containing one or more holes and/or a plurality of pores. 

U.S. Patent No. 4,915.954 and French Patent Spedfication No. 2 620 025 describe dosage forms for delivering a 
drug at two different rates, which comprise a semipermeable wall that surrounds a compartment. The compartment 
comprises a first lamina comprising a beneficial agent that is released via an exit means in the wall over a short penod 
of time. Distant from said exit means Is a second lamina comprising a benef idal agent that Is released over a prdonged 

period of time. , ^ , ^, ^ ^ 

The existing techndogy Is limited since diffusion controlled systems are effective only when soluble actve agents 
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are dispensed. For osmotically controlled devices, the technology relies upon a wall permeable to the passage of fluid 
present in the environment of use. Furthermore, these devices require a wall of carefully controlled permeability. 

Devices which rely upon the establishment of an extra device superstructure can be altered during jn wo transit, 
for example, in the gastrointestinal tract. If portions of the superstructure break away.grealer surface area is exposed to 

5 the environment and unpredictable release of the active agent may result. 

The usefulness of the above devices would be increased if a device and method were provided to improve the deliv- 
ery of drugs independent of their solubility so that diffusion from a swelled polymer or through the superstructure of a 
polymeric matrix could be avoided. Further utility would result from a methodology which provides a device where the 
generation of an extra tablet structure could be avoided and the dry ingredients could be contained within a protective 

10 coating.until released from the device. This would prevent the chance of premature erosion and uncontrolled release of 
the active agent as well as provide enhanced stability for those active agents that are labile in the fluid of the environ- 
ment of use. 

DESCRIPTION OF DRAWINGS 

IS 

Fig. 1 is a schematic representation of one embodiment of the instant invjention. The device 10, has a core compo- 
sition 1 1 , comprised of a beneficial agent 12 and polymer 13 capable of forming a gelatinous microscopic particle dis- 
persion upon hydration. The core may optionally contain a polymer hydration modulating agent 14 and other tablet 
forming excipients 15. The core is sunx)unded by an insoluble, impermeable coating 16, with a plurality of apertures 17 

20 which expose the core surface to the environment of use. 

In operation, aqueous solution, from the environment of use, contacts the surface of the core that is exposed within 
the apertures 17. The available water begins to hydrate the polymer (13) and gelatinous microscopic particles form at 
the surface of the core. If present, the polymer hydration modulating agent 14. at the exposed core surface, is solubi- 
lized and establishes the environment required for controlled of polymer hydration. 

25 As the polymer particles 1 3 are hydrated, the gelatinous microscopic particles move from tiie surface. At tiie same 
time, tiie gelatinous microscopic particles move the beneficial agent 12 from the surrounding surface into the environ- 
ment as well. These particles of beneficial agent move from tiie core surfece into the environment of use in a dispersion 
with tiie gelatinous microscopic particles. As a result, controlling the surface area of the core which is exposed to tiie 
environment of use, effectively controls tiie delivery rate of medicament to the environment. 

30 The instant invention provides a novel device for delivery of an active or beneficial agent (drug), in a dispersion, and 
produces a beneficial effect which overcomes tiie disadvantages associated witii prior art devices. 

The instant invention also provides a device for delivering an active or beneficial agent, jn sUu as a dispersion, at a 
controlled rate over a specified period of time, which delivery is controlled by selection of components off the device and 
not the environment sun-ounding tiie device. 

35 Further, tfie instant invention provides a device for controlled delivery of an beneficial agent where the release rate 
of ttie beneficial agent is neitiier related to the solubility of tiie beneficial agent nor to the in mSi establishment of an 
extra tablet superstructure. 

Additionally the instant invention provides a device for controlled delivery of an beneficial agent where delivery 
occurs from tiie surface of the device not from within a core so that delivery rate is not dependent on diffusion of ttie 
40 active ingredient from inside the device to the environment of use. 

Other features and advantages of the invention will be apparent to those skilled in tiie art from the following detailed 
description of the invention, taken in conjunction with the drawings and accompanying claims. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

The novel device of tiiis invention consists essentially of a drug delivery device for the controlled in Silii production 
and release of a dispersion containing a beneficial agent, consisting essentially of: 

(A) a compressed core prepared from an admixture comprising 

50 

(i) a therapeutically effective anrK)unt of a beneficial agent; and 

fii) a polymer which upon hydration forms gelatinous microscopic particles: 

(B) a water insoluble, water impermeable polymeric coating, which surrounds and adheres to the core, the coating 
55 having a plurality of apertures exposing between about 1 and about 75% of tiie core surface. 

By "drug delivery device" is meant, a dosage form that provides a convenient means of delivering a drug to a sub- 
ject. The subject can be a human or any otiier animal. The device is designed to be useful for the delivery of a drug by 
any pharmaceutically accepted means such as by swallowing, retaining It within tiie mouth until tiie beneficial agent has 
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been dispensed, placing it within the buccal cavity, or the like. 

By "controlled" production Is meant that the rate of release of the ben^idal agent that is the amount of beneficial 
agent released from the device to the environment of use, follows a predetermined pattern. Thus, relatively constant or 
predictably varying amounts of the beneficial agent can be dispensed over a specified period of time. 

5 The "gelatinous microscopic particles" are composed of discrete particles of hydrated polymer. Both size and 
hydration rate of these gelatinous microscopic particles are characteristics of tiie individual polymers. Illustrative of this 
type of polymer are sodium polyacrylate, particularly those compositions sold under tfie trade names "AQUAKEEP® J- 
550", "AQUAKEEP® J-400", which are trade names for sodium acrylate polymer produced by Seitetsu Kagaku Co.. 
Ltd., Hyogo. Japan. The "AQUAKEEP®" polymers are generically described in United States Patent 4.340.706. Also 

10 illustrative of this type of polymer are cartx>xypolymethylenes prepared from acrylic acid cross-linked with altyl ethers of 
sucrose or pentaerytiiritol and soW under the trade names "CARBOPOL® 934P" and "CARBOPOL® 974P". which are 
trade names for two cartwmer type polymers produced by B.F. Goodrich Chemical Conpany, Cleveland. Ohio, These 
latter polymers are generically described in United States Patent 2.909.462 and in the National Formulary XVII at p 
191 1, CAS Registi-y Number 9003-01-4. All of the forgoing references are hereby incorporated by reference. 

IS In the dry slate, CARBOPOL® 974P and CARBOPOL® 934P particles range in size from about 2 to about 7 
microns. When these particles are hydrated. gelatinous microscopic particles of about 20 microns are produced. When 
AQUAKEEP® J-550 or AQUAKEEP® J-400 particles are hydrated. the diameter of the gelatinous microscopic particles 
can range in size from 100 to 1000 microns. 

Once tiie drug delivery device Is within tiie environment of use, the polymer of the compressed core which is 

20 exposed to tiie ambient aqueous solution at the coating apertures, begins to hydrate and produce gelatinous micro- 
scopic particles. By "in sjlu production and release of a dispersion" is meant that during tiie production of the gelatinous 
microscopic particles, soluble and insoluble core components located near the polymer particles become dispersed 
and mixed in such a manner that a gelatinous dispersion is produced. The dispersion moves from the device into the 
aqueous solvent, bringing the beneficial agent into tiie environment of use. In this novel device, the components of the 

25 compressed core move into tiie environment of use, carried along by tiie gelatinous microscopic particles, continually 
exposing new surfaces for further hydration and production of tiie dispersion. 

By "gelatinous" is meant a semisolid system consisting of hydrated polymer interpenetrated by the aqueous solvent 
of the environment of use. 

By "compressed core" is meant tiiat an admixture of ingredients comprising a beneficial agent, a polymer which 

30 produces gelatinous microscopic particles when hydrated. and other ingredients that may affect any of (1) the rate of 
production of ttie dispersion; (2) ttie stability of the components of tiie dosage form; or (3) the mixing or compression 
characteristics of the admixture, is blended in such a way to produce a uniform material. This uniform material is tiien 
compressed, witiiin a die, to produce a desired form, normally In the shape of a tablet, capsule or bolus. 

The compressed core contains a therapeutically effective amount of beneficial agent and a polymer which upon 

35 hydration results in gelatinous microscopic particles. The term "beneficial agent" broadly Includes any drug or mixture 
thereof, that can be delivered from the system to produce a beneficial result. The drug can be soluble in tiie fluid that 
makes contact with tiie exposed surface of the core or it can be essentially insoluble in the fluid. In the specification and 
the accompanying claims, tiie term "drug" and its equivalents includes any physiologically or pharmacologically active 
substance that produces a localized or systemic effect or effects in animals. The term "animal" includes nnammals. 

40 humans and primates such as domestic, household, sport or farm animals such as sheep, goats, cattie. horses and 
pigs, laboratory animals such as mice, rats and guinea pigs, fishes, avians, reptiles and zoo animals. 

The active drug that can be delivered by the novel device of this Invention, includes inorganic and organic com- 
pounds without limitation. Including drugs that act on tiie peripheral nerves, adrenergic receptors, cholinergic receptors, 
nervous system, skeletal muscles, cardiovascular system, smootii muscles, blood circulatory system, synaptic sites. 

45 neuroeffector junctional sites, endocrine and hormone systems, immunological system, reproductive system, skeletal 
systems, autocdd systems, alimentary and excretory systems, Inhibitory and histamine systems, and those materials 
that act on tiie central nervous system such as hypnotics and sedatives. 

Examples of beneficial drugs are disclosed in Remington's Pharmaceutical Sciences. 1 6th Ed., 1 980, published by 
Mack Publishing Co.. Eaton. Pa.; and in The Pharmacological Basis of Theraoeutics. by Goodman and Oilman, 6th Ed.. 

50 1980, published by the MacMillan Company. London; and in The Merck Index 1 1th Edition. 1989. published by Merck 
& Co., Rahway, N.J. The dissolved drug can be in various forms, such as charged molecules, charged molecular com- 
plexes or ionizable salts. Acceptable salts include, but are not limited to hydrochlorides, hydrobromide. sulfate, laur- 
ylate. palmltate, phosphate, nitrate, borate, acetate, maleate. malate. succinate, tromethamine. tartrate, oleate, 
salicylate, salts of metals, and amines or organic cations, for example quaternary ammonium. 

55 Derivatives of drugs such as esters, etiiers and amides without regard to their ionization and solubility characteris- 
tics can be used alone or mixed with otiier drugs. Also, a drug can be used in a form that upon release from the device, 
is converted by enzymes, hydrolyzed by body pH or other metabolic processes to tiie original form, or to a biologically 
active form. 

Specific examples of drugs that may be adapted fbr use Include. Angiotensln-converting enzyme (ACE) Inhibitors 
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such as enalapril. Ilslnapril. and captopril; barbiturates such as pent<*arbital sodium, phenobarbital, secobarbital, thio- 
pental and mixtures thereof; heterocyclic hypnotics such asdioxopiperidines and glutarimides; hypnotics and sedatives 
such as amides and ureas, exemplified by diethylisovaleramtde and a^sromoisovaleryl urea; hypnotic and sedative ure- 
thanes and disuHanes; psychic energizers sudi as isocartxwazid. nialamide, Imipramine. amitryptyline hydrochloride. 

5 pargyfene. and protryptyline hydrochlorkie; tranquilizers such as chloropromazine, promazine, f luphenzaine. reserpine. 
deserptdine, and meprobamate; benzodiazepines such as diazepam and ditordiazepoxide; anticonvulsants such as 
primidone, phenytoin. and ethosuximide; muscle relaxants and antiparkinson agents such as mephenesin, methocar- 
bomal. cyclobenzaprlne hydrochloride, trlhexyfphenidyl hydrochloride, levodopa/carbidopa, and biperiden; antihyper- 
tensives such as a-methyldopa and the pivaloyloxyethyi ester of a-methyldopa; calcium channel blockers such as 

10 nifedipine, felodipine, diltiazem hydrochloride, diltiazem malate and verapamil hydrochloride; analgesics such as mor- 
phine sulfate, codeine sul^te, meperidine, and nalorphine; antipyretics and antiinflammatory agents such as aspirin, 
indomethacin. ibuprofen, sodium indomethacin trihydrate. salicylamlde, naproxen, colchicine, fenoprofen, suiindac, dif- 
lunisal. diclofenac, indoprofen and sodium salicylamide; local anesthetics such as procaine, lidocaine. tetracaine and 
dibucaine; antispasmodics and muscle contractants such as atropine, scopolamine, methscopolamine. oxyphenonium, 

75 papaverine; prostaglandins such as PGE^ , PGE2, POFaai antimiaobials and antiparasitic agents such as penicillin, tet- 
racycline, oxytetracydine, chlorotetracycline, chloramphenicol, thiabendazole, ivermectin, and sulfonamides; antimalar- 
ials such as 4-aminoquinolines, 8-amino-quinolines and pyrimethamine; hormonal and steroidal agents such as 
dexamethasone, prednisolone, cortisone, Cortisol and triamcinolone; androgenic steroids such as methyltestosterone; 
estrogenic steroids such as 17a-estradiol, a-estradiol, estriol, a-estradiol 3-benzoate, and 17-ethynyl estradiol-3-methyl 

20 ether; progestational steroids such as progesterone: sympathomimetic drugs such as epinephrine, phenylpropa- 
nolamine hydrochloride, amphetamine, ephedrlne and norepinephrine; hypotensive drugs such as hydralazine; cardio- 
vascular drugs such as procainamide hydrochloride, amyl nitrite, nttroglycerin.dipyridamole, sodium nitrate and 
mannitol nitrate; diuretics such as chlorothiazide, acetazolamide, methazolamide, hydrochlorothiazide, amiloride hydro- 
chloride and flumethiazlde, sodium ethacrynate. and furosemide; antiparasitics such as bephenium. hydroxynaph- 

25 thoate, dichlorophen and dapsone; antineoplastics such as mechlorethamine, uracil mustard, 5-fluorouracil. 6- 
thioguanine and procarbazine; p-blockers such as pindolol, propranolol, metoprolol, oxprenolol, timolol maleate, aten- 
olol; hypoglycemic drugs such as insulin, isophane insulin, protamine zinc insulin suspension, globin zinc insulin, 
extended insulin zinc suspension, tolbutamide, acetohexamide. tolazamide and chlorpropamide; antiulcer drugs such 
as dmetidine. ranitidine, famotidine and omeprazole; nutritional agents such as ascorbic acid, niacin, nicotinamide, folic 

30 acid, choline, biotin, pantothenic acid; essential amino acids; essential fats; ophthalmic drugs such as timolol maleate. 
pilocarpine nitrate, pilocarpine hydrochloride, atropine sulfate, scopolamine; electrolytes such as calcium gluconate, 
calcium lactate, potassium chloride, potassium sulfate, sodium fluoride, ferrous lactate, ferrous gluconate, ferrous sul- 
fate, fenous fumurate and sodium lactate; and drugs that act on a-adrenergic receptors such as clonidine hydrochlo- 
ride; analgesic drugs such as acetaminophen, oxycodone, hydrocodone, and propoxyphene; antihypercholesterolemic 

35 drugs such as simvastatin, pravastatin, lovastatin and gemfibrozil; antiinfective drugs such as cefoxitin, cefazolin, cefo- 
taxime, ciproftoxacin, cephalexin, norfloxacin, amprolium, ampicillin, amoxicillin, cefaclor, erythromycin, nitrofurantoin, 
minocycline, doxycycline. cefadroxil. miconazole, clotrimazole, phenazopyridine, clorsulon, fludalanine. pentizidone, 
cilastin, phosphonomycin, Imipenem; gastrointestinal drugs such as bethanechol, clidinium, dicyclomine, meclizine, 
prochlorperizine. trimetiiobenzamide, loperamide, diphenoxylate, and metoclopramide; anticoagulant drugs such as 

40 warfarin, phenindione. and anisindione; 5a-reductase inhibitors such as P ROSC AR® and other drugs such as trientine. 
cambendazole, ronidazole, rafoxinide, dactinomycin, asparaginase, nalorphine, rifamycin, carbamezapine. metarami- 
nol bitartrate. allopurinol, probenecid, dietiiylpropion, dihydrogenated ergot alkaloids, nystatin, pentazocine, phenylpro- 
panolamine, phenylephrine, pseudoephedrine, trimethoprim, and ivermectin. 

The above list of drugs Is not meant to be exhaustive. Many otiier drugs will certainly work in the instant invention. 

45 By "therapeutically effective amount" is meant tiiat tiie quantity of beneficial agent, contained in tiie core, which can 
be delivered to the environment of use, has been denrx>nstrated to be suffk;ient to induce the desired effect during stud- 
ies utilizing the beneficial agent. 

Other excipients such as lactose, magnesium stearate, microcrystalline cellulose, starch, stearic acid, calcium 
phosphate, glycerol monostearate, sucrose, polyvinylpyrrolidone, gelatin, metiiylcellulose. sodium carboxymethylcellu- 

50 lose, sorbitol, mannitol. polyetiiylene glycol and other ingredients commonly utilized as stabilizing agents or to aid in the 
production of tablets may also be present in the core. 

The drug can be in tiie core as a dispersion, particle, granule, or powder. Also, tiie drug can be mixed with a binder, 
dispersant. emulsif ier or wetting agent and dyes. 

The active agent may comprise from about 0.01 % to about 75% of tiie core weight. Generally, tiie device can house 

55 from about 0.05 ng to about 50 grams of active agent or more, with individual devices containing, for example, about 25 
ng, about 1 mg. about 5 mg. about 250 mg. about 500 mg. about 1 .5 g, about 5 g. or the like. 

The "polymer which upon hydration forms gelatinous microscopic particles" useful in the novel device of this inven- 
tion broadly encompasses any polymer that upon hydration, is capable of producing discrete gelatinous microscopic 
particles which support a dispersion, including tiie beneficial agent, as it forms. The gelatinous forming polymer used 
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also must move from the core surface in such a way that the beneficial agent is carried into the environment of use. 
Upon hydration, the gelatinous microscopic particles must be predisposed to leave the surface taking tiie drug with it. 
This assures a constant surface area exposed to the solvent of the environment of use and maintains the appropriate 

rate of release. 

5 Polymers that form usable gelatinous microscopic particles, include the superabsorbant polymers such as AQUA- 
KEEP® J550. AQUAKEEP® J400, CARBOPOL® 974P and CARBOPOL® 934P and their phamiaceutically accepta- 
ble salts. By "pharmaceutically acceptable salts" of the polymers is meant tiie acid form of the polymer neutralized by 
converting alt or a portion of the free add functional groups to their salt form. The core of the device contains from about 
5% to about 75% by weight of tiie dry gelatinous microscopic particle polymer. 

10 The "polymer hydration modulator" useful in ttie novel device of ttiis invention broadly encompasses any water sol- 
uble compound that can inhibit or enhance the rate of hydration of the gelatinous forming polymer of the core. Among 
the groups of compounds ttiat can exert this effect are acids, bases, and ttie salts of acids and bases such as adipic 
acid, citric acid, tumeric acid, tartaric acid, succinic add, sodium cartx)nate. sodium bicarbonate, betaine hydrochloride, 
sodium citrate, arginine. meglamine, sodium acetate, sodium phosphates, potassium phosphates, calcium phosphate. 

15 ammonium phosphate, magnesium oxide, magnesium hydroxide, sodium tartrate and trometiiamine. Other compounds 
that can be used as polymer hydration modifiers include sugars such as lactose, suaose, mannitol, sorbitol, pentaer- 
ytfiritol. glucose and dextrose. Polymers such as microcrystalline cellulose and polyetiiylene glycol as well as sur- 
factants and otiier organic and inorganic salts can also be used to modulate polymer hydration. 

The hydration modulating agents are solubilized by the aqueous media of tiie environment and establish an envi- 

20 ronment such ttiat tiie pH, ionic strength or hydrophilic character is appropriate for tiie desired polymer gelatinous 
microscopic particle hydration rate. For example, these hydration modulating agents can enhance or retard tiie neuti^l- 
izatlon of addic functional groups on the polymer which affects the rate of hydration. 

The core compartment containing tiie drug, hydration modulator, and gelatinous microscopic particle polymer as 
described herein, is typically in tiie form of a solid conventional tablet. Generally, tiie core Is compressed into its final 

2$ Shape using a standard tablet compressing machine. The core may contain compressing aids and diluents such as lac- 
tose that assist in ttie production of compressed tablets. The core can be comprised of a mixture of agents combined 
to give the desired manufacturing and delivery characteristics. The number of agents tiiat may be combined to make 
the core is substantially witiiout an upper limit with the lower limit equalling two components: the gelatinous forming pol- 
ymer and tiie beneficial agent. 

30 The preferred specifications for the core are summarized below and indude: 

1 . Core Drug Loadino (size) : about 0.01% to about 75% by weight of ttie total core mass or about 0.05 nanogram 
to about 50 grams or more (includes dosage forms for humans and animals). 

2. Polymer Hvdration Modulator : 0% to about 75% by weight of the total core mass. 
35 3, Gel Forming Polvmer : about 5% to about 7S% by weight of ttie total core mass. 

In cases where tiie drug, the gelatinous forming polymer and polymer hydration modulating agent exhibit ttie 
desired release rate, stability, and manufacturing characteristics, there is no critical upper or lower limit as to the amount 
of drug tiiat can be incorporated into a core mass. The ratio of drug to excipient is dictated by tiie desired time span and 
40 profile of release, and tiie phamiacological activity of the drug. 

Generally the core will contain 1% to 50% by weight, of a beneficial agent admixed witii other solute(s). Represent- 
ative of compositions of matter that can be released from tiie device and can function as a solute are, without limitation, 
those compositions as described. 

The coating, applied to the core of ttie invention, is a material that is impermeable and insoluble in ttie fluid of ttie 
45 environment of use, can form films, and does not adversely affect ttie drug, animal body, or host The coating is imper- 
meable to water and also impermeable to tiie selected product, drugs, polymer hydration modulating agents, or to other 
compounds in the device. This impermeable material is insoluble in body fluids and non-erodible or it can be bioerodible 
after a predetermined period with bioerosion following ttie end of ttie active drug release period. In each instance it is 
impermeable to solvent and solute(s) and is suitable for construction of ttie device. 
50 By "impermeable" is meant that the influx of water across the coating is de minimus. Flux of water into ttie device 
is via ttie apertures placed in the coating. 

The polymeric coating is applied to and adheres to the entire surface of the core. Apertijres are produced in tfie 
coating to expose the core, using either a drill, a coring device or any other pharmaceutically accepted means. 

The apertures allow liquids from ttie environment of use to make contact only witii exposed portions of the core 
55 when in use. The number, size and configuration of the apertures is chosen to provide the release rate required to suit 
a pharmacologically recognized requirement since the gelatinous dispersion can form only where the apertures allow 
such core-liquid contact. 

The coating can be applied by dipping the cores into a solution of the polymer or by coating the cores using a phar- 
maceutically acceptable polymer coating process. Among tiie groups of polymers that can provide tfiis type of protec- 
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tion are cellulose acetate, cellulose acetate butyrate. ethylcellulose. pdyvinytacetate. polyvinyl chloride and polymers 
of acrylic and methacrylic add esters. In addrtion. other materials may be included with the ooating ^ enhance ite ste- 
bility. color, elasticity, ease of application or opacity. These include plaslicizers such as dibutylsebacate. diethylphlha- 
lale.triethylcitrate and polyethylene glycol. 

5 The coating is applied to a thickness of from atx)ut 1 to about 1000 miaons but preferably about 10 to about 500 
microns typically, although thinner and thicker coatings tall within the scope of the invention^ 

The expression "aperture" as used herein, refers to ports through the coating which expose the surface of the core 
to the environment. The size and number of apertures is chosen to effect the desired release rate. Exposure of from 
about 1% to about 75% of the core surface is contemplated by this invention. 

10 The apertures are generally positioned in a regular pattem on both faces of the device although they can be positoned 
anywrtiere on the core including the edges or an on one face. 

The apertures are generally circular but may be of any design that results in the proper release rate. When the 
aperture is circular, its diameter ranges from about 0.1 mm to about 20 mm with diameters of about 0.2 to about 3^5 
mm typical. The number of apertures in each device may range from about 2 to about 1000 or more. Typically, the 

15 number of apertures in each dosage form ranges from about 5 to about 100. 

The apertures may be made by drilling the appropriate size hole through the coating using a mechanical or laser- 
based process. In the preferred embodiment, a digital laser marking system is used to drill the holes required. This sys- 
tem allows for an airay of apertures to be drilled on both faces of a dosage form simultaneously and at rates suitable 
for production of dosage forms. ^ ^ ,, . , 

20 The process utilizes a digital laser marking system (for example the DigiMark® variable marking system, available 
from Directed Energy. Inc.) to produce an unlimited number of holes through the surface or coating of the dosage form, 
at rates practically suitable for production of dosage fbrms. 

The steps involved in this laser drilling process are as follows: a digital laser marking system is focused at a laser 
stage- the dosage form is moved onto the laser stage of the digital laser nrarWng system; the digital laser marking sys- 

25 tem is pulsed to energize those laser tubes needed to drill the desired apertures along a linear array on the dosage 
form- the dosage form is moved forward on the laser stage and the digital laser marking system is again pulsed as 
needed to produce an additional linear array of apertures; The dosage form is then removed from the laser stage. 

Additional, preferred specifications for the impermeable wall include: a mixture of eight parts by weight of cellulose 
acetate butyrate. two parts by weight of cellulose acetate and one part by weight of diethylphthalate. This mixture is dis- 

30 solved in a solution of methylene chloride and methanol (about 3:1 v/v) and sprayed onto the cores to a thickness o 
about 250 miaons. Another preferred coating consists of five parts by weight of cellulose acetate butyrate and onepart 
by weight of triethyl citrate dissolved in a mixture of acetone and methanol (about 3:1 v/V). This mixture is sprayed on 
the core or dipped into the mixture so that a coating thickness of about 1 00 microns is applied. 

The polymers used in the coating which are herein desaibed are known to the art or can be prepared according to 

35 the procedures in P.vr'i""'^!^ Q< PQ IYT'^ Technology. Vol. 3. published by Interscience Publishers. Ina, 

M J^vnH, in HflpHhnnknf nommon Polvmers bv Scott. J. R. and Roff. W. J.. 1971 . published by CRC Press. Cleveland. 

°^"ln a preferred aspect of the present invention, there is provided a drug delivery device for the controlled in sjJu pro- 
duction and release of a dispersion containing lovastatin, consisting essentially of: 

(A) a compressed core prepared from an admixture comprising 

0) a therapeutically effective amount of lovastatin; 
(ii) a polymer which upon hydration forms gelatinous microscopic particles; 
fiii) an effective amount of sodium citrate as a polymer hydration modulating agent; 

(B) a water insoluble, water impermeable polymeric coating comprising cellulose acetate butyrate which surrounds 
and adheres to the core, the coating having apertures, exposing between about 1 and about 75% of the core sur- 
face, wherein the release rate of lovastatin from the device is a function of the number and size of the apertures. 

In this aspect of the present invention, the polymer which upon hydration forms gelatinous microscopic particles is 
preferably a caitoxypolymethylene prepared from acrylic acW cross-linked with allylethers of sucrose or pentaerythritol. 

In a drug delivery device of ttiis preferred aspect of the present invention, the water insoluble, water impermeable 
polymeric coating preferably contains from about three to about 100 apertures. 

The following examples illustrate the preparation of tiie drug delivery device of this invention and their controlled 
release of one or more therapeutically active ingredients into an environment of use. 
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EXAMPLES 

In the following examples the hydroxymethyl-glutarylcoenzyme A reductase inhibitors (HMG CoA reductase inhib- 
itors) simvostatin and lovastatin are used as model drugs. These drugs are highly effective in the reduction of serum 
cholesterol levels in hunfians. The aqueous solubilities of simvastatin and lovastatin are 0,03 mg/ml and 0.00044 mg/mi 
respectively, at 20"C. The generation of a dispersion, in sifei from the components of a solid core is disclosed. The anti- 
arthritic, indomethacin and the analgesic, acetaminophen serve as examples of beneficial agents which are deliverable 
with this device. This permits the successful formulation of poorly aqueous soluble (simvastatin, lovastatin, indometh- 
acin). moderately soluble (acetominophren) and freely water soluble drugs into a delivery device. 

E?<AMP|-E 1 

Tablets for the controlled release of the drug indomethacin were made as follows, utilizing a 1:1 weight ratio of 
drug:J-550 polymer. 



Core Component 


Weight (g) 


AQUAKEEP®J-550 
Indomethacin 
Avicel PH 101 
Povidone (K29-32) 


2 
2 

400 mg 
60 mg in 6 ml EtOH 



Indomethacin. J-550 and Avicel were mixed thoroughly and granulated with the polyvinylpyrrolidone as a 1% by weight 
solution in ethyl alcohol. The solvated mass was passed through a sieve of standard mesh size 18 then dried overnight 
at 45°C. Tablet cores were prepared from the resulting granulation by taking approximately 1 15 mg of the granules and 
compressing them on a Carver® press using 1/4" standard concave punches. 

The tablet cores prepared as above were coated with polyvinyl chloride (PVC) coating by dip coating 5 times in 
diluted clear polyvinyl chloride cement. These tablets were rolled on edge each time on a teflon sheet to prevent stick- 
ing. Each tablet was allowed to dry approximately one hour between subsequent coatings and the tablets were dried 
for approximately 8 hours after the f Iftfi coat was applied. Five 1 .5 mm diameter circular openings were drilled through 
the coating on each face of tiie tablets. 

The release of indomethacin from the coated, drilled tablets into 900 ml of pH 7.5 phosphate buffer at ZTO with 
100 rpm stirring was tiien determined (USP Apparatus 2). TTie absorbance of indometiiacin was measured at 320 nm 
using a Cary-14 specfrophotometer. Indomethacin release profiles for tiie coated, drilled dosage forms are shown in 
Fig. 2. 

EXAMPLE 2 

Tablets were prepared according to the procedure of Example 1 except that tiie core mixture comprised indometh- 
acin and J-550 polymer in the weight ratio of 1 :3. Indomethacin release rates were determined as in Example 1 and are 
shown in Fig. 2. 

EXAMPLES a AND 4 

Tablets were prepared according to the procedures of Ejsmples 1 and 2. Core compositions of indomethacin and 
J-550 in a weight ratio of 1:1 and 1:3 were spray coated witti cellulose acetate butyrate CAB 381-20 (Eastman Fine 
Chemicals) in a Freund® Model HCT-Mini Hi-Coater (8-inch pan) from a methylene chloride:methanol (1 :1) solution at 
4% by weight solids. Coaling thicknesses were 250 microns for the 1 :1 indometiiacin:J-550 core composition and 400 
microns for the 1 :3 core composition. The indomethacin release rates were determined as in Example 1 and are shown 
in Fig. 2. 

EXAMPLE 5 

Tablets for the controlled release of simvastatin were prepared from the following formulation: 
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Ingredient 


mg/Tab 


Simvastatin 


100 


AQUAKEEP® J-550 


100 


Avicel PH101 


100 


Povidone (K29-32) 


7.8 


Magnesium Stearate 


1.5 


Total 


3093 



The dry ingredients with the exception of magnesium stearate were thoroughly mixed and granulated with absolute 
alcohol. The solvated mass was passed through a No. 18 stainless steel sieve and then dried for twenty-four hours at 
37°C. The dried granules were forced through a No. 35 mesh stainless steel sieve before lubricating with magnesium 
stearate. This homogeneous mixture was compressed into tablets using 3/8 inch standard concave round punches. The 
tablets were compressed to a hardness of 19 kg. The tablets were coated In a Freund® Model HCT-Mini Hi-Coater (8- 
inch pan) fo a thickness of 250 microns using the following coating formulation: 



Ingredient 


Amount 


Cellulose Acetate Butyrate CAB 381-20 


48g 


Cellulose Acetate CA 435-75S 


I2g 


Methylene Chloride 


2250 ml 


Methanol 


750 ml 


Diethylphthalate 


6g 



Circular openings in the coating were made using a tubular boring tool with an i.d. of 2.80 mm which provided openings 
of nearly 3.0 mm. The jn vrtrQ release of simvastatin from tablets with three circular openings of 3.0 mm diameter on 
each face was carried out at 37<»C using USP Apparatus 2 into pH 7.4 phosphate buffer with 0.5% by weight sodium 
dodecyl suHate at 100 rpm. The results are shown in Fig. 3. 

EXAMPLE 6 

Tablets for the controlled release of lovastatin were prepared from the following formulation: 



Ingredient 


mg/Tak)let 


Lovastatin 


20 


CARBOPOL®974P 


13.4 


Sodium Citrate DIhydrate 


13.3 


Lactose Hydrous (spray dried) 


13.3 


Povidone (K29-32) 


3.0 


Total 


63:0 



The ingredients were combined and thoroughly mixed In a mortar and pestle, then granulated with 90% alcohol: 10% 
by volume water. This wet mass was passed through a No. 20 stainless steel sieve and dried overnight at 40*»C. The 
resulting mixture was compressed into tablets using 1/4 inch standard concave punches. The tablets were compressed 
to a thickness of 2.33 mm and a hardness of 9 kg. 

The tablets were coated to a thickness of 250 microns with the following formulation using a Freund® Model HCT- 
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Mini H-Coater (8-Inch pan). 





Inorfidient 


Amount 


5 


Cellulose Acetate Butyrate CAB 381-20 


64g 




Cellulose Acetate CA 435-75S 


16g 




Methylene Chloride 


3000 ml 


10 


Methanol 


1000 ml 




Oiethylphthalate 


8g 



In ^ittQ release tests were carried out at 3TC using USP Apparatus 2 into pH 7.4 phosphate buffer containing 0.2% 
75 sodium dodecyl sulfate at 50 rpm. The drug released was monitored by flow-through UV spectrophotometry. The drug 
released from coated tablets with 1 .75 mm diameter circular openings bored through the coating on each face is shown 
in Fig. 4. 

EXAMPLE 7 

20 

Simvastatin tablets were prepared from the following formulation: 



25 


Ingredients 


mg/Tabiet 


Simvastatin 


40 




CARBOPOL®974P 


26.7 




Sodium Citrate Dihydrate (milled to 100-200 mesh) 


26.7 


30 


Lactose Hydrous NF (spray dried) 


26.6 




Povidone USP (K29-32) 


6.0 




Butylated Hydroxyanisole (BHA) NF 


0.04 


35 


Magnesium Stearate NF 


0.6 


Total 


126.64 



The simvastatin, CARBOPOL®. milled sodium citrate, lactose and polyvinyl-pyrrolidone were combined, mixed ttior- 
oughly and granulated with 10% by weight water in alcohol containing the required BHA. The wet mass was forced 
40 through a No. 1 8 sieve and dried overnight. The dry granulation was lubricated with magnesium stearate and the homo- 
geneous mixture compressed using 1/4 inch standard concave round tooling and a compression force of 1000 lbs. The 
compressed tablets had a ttiickness of 3.89 mm and a hardness of 1 0 kg. The tablets were spray coated to a coat thick- 
ness of 100 microns in a Freund® HCT-Mini Hi-Coater (8-inch pan) using tiie following coating formulation: 

45 



Ingredient 


Amount 


Cellulose Acetate Butyrate CAB 381-20 


80 g 


Triethyl Citrate 


16g 


Acetone 


3000 ml 


Methanol 


1000 ml 



55 In vitro release tests were carried out at 37**C using USP Apparatus 2 into pH 7.4 phosphate buffer containing 0.4% by 
weight sodium dodecyl sulfate at 50 rpm. The drug released was monitored by flow-through UV spectrophotometry. The 
results for tablets with one 2.8 mm diameter circular opening per tablet face are shown in Fig. 5 
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EXAMPLES 

Tablets for the controlled release of lovastatin were prepared from the following formulation: 



Ingredient 


mg/Tablet 


Lovastatin 


40 


CARBOPOL®974P NF 


16 


Sodium Citrate USP (dihydrate) 


32 


Lactose Hydrous NF (spray dried) 


16 


Povidone USP (K29-32) 


5.2 


Butylated Hydroxyanisole NF 


0.04 


Magnesium Stearate NF 


0.55 


Total 


109.79 



The granular sodium citrate dihydrate was reduced in particle size such that 90% by v/eight passed through a No. 120 
mesh sieve. The milled sodium citrate dihydrate was combined with lovastatin. CARBOPOL®, lactose and polyvinylpyr- 
rolidone, mixed thoroughly then granulated using Alcohol USP The solvated mass was passed through a #10 screen 
then dried overnight at 50^C. The dried granulation was milled, then lubricated with magnesium stearate. The homoge- 
neous mixture was compressed into tablets using 1/4 inch standard concave tooling. The tablets were compressed to 
a thickness of 3.43 mm and a hardness of 10.5 kg. The tablets were coated to a thickness of 100 microns with the fol- 
lowing coating formulation using a Glatt WSG-3 f luidized bed column spray coater. 



Ingredients 


Amount 


Cellulose Acetate Butyrate CAB 381-20 


80g 


Triethyl Citrate NF 


16g 


Acetone NF 


3000 ml 


Alcohol USP 


1000 ml 



In irtfro release tests were carried out as in Example 7 for tablets with bored circular openings of 1 .5 mm diameter and 
three per tablet face. The results are shown in Rg. 6. 

EXAMPLE 9 

Tablets for the controlled release of acetaminophen were prepared according to the following formulation: 



Ingredient 


mg/Tablet 


Acetaminophen 


20 


CARBOPOL®974P 


10 


Sodium Citrate Dihydrate 


20 


Lactose Hydrous (spray dried) 


10 


Povidone (K29-32) 


3 


Total 





The ingredients above were combined, mixed thoroughly then granulated with alcohol. The solvated mass was 
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passed through a No. 20 mesh sieve and dried overnight at 40'*C. The dried granulation was compressed into tablets 
using 1/4 inch standard concave tooling. The tablets were compressed to a thickness of 2.31 mm and a hardness of 6- 
7 kg. The tablets were coated as in Example 6. 

In vilm release tests were canied out at 37*C using USP Apparatus 2 into pH 7.4 phosphate buffer at 50 rpm. The 
5 drug released was monitored by flow-through UV spectrophotometry. The results for tablets with one 2.75 mm diameter 
circular opening per tablet are shown in Fig. 7. 

EXAMPLE 10 

f 0 Tablets cores containing lovastatin. CARBOPOL® 974P. trisodium citrate and lactose in rations of 5:2:4:2 were pre- 
pared using the procedure described in E)ample 8. 

Varying numbers of apertures were mechanically drilled in each face of the coated tablets. The diameter of the 
apertures ranged from about 0.23 mm to about 3 mm in diameter as measured by microscopic imaging using an Ana- 
lytical Imaging Concepts IM4000. In ^ release tests were carried out at 37*»C using USP Apparatus 2 in pH 7.4 phos- 
T5 phate buffer containing 0.4% sodium dodecyl sulfate at 50 rpm. The drug released was monitored by flow-through UV 
spectrophotometry. 

The results of the study are shown in Table I. 

EXAMPLE 1 1 

20 

Twenty-four (24) apertures of 0.35 mm in diameter were drilled in each face of the coated tablets prepared for the 
study in Example 10 using the DIGIMARK™ digital laser marking system. The apertures were measured by microscopic 
imaging using an Analytical Imaging Concepts IM4000. Release rates were studied as in Example 10. The results are 
shown in Table II. 

2S 

TABLE I 



35 



Number of holes 


Initial Drug Release 
Rate(mg/h) (mg/h) 


Hole Diameter (mm) 


Hole Surface Area 
(mm2) 


Release Rate/Hole 
Surface Area 
(mm/h)/mm^ 


5 


0.4 


0.23 


0.42 


1.06 


10 


0.91 


0.23 


0.83 


1.10 


20 


2.14 


0.23 


1.66 


1.29 


40 


3.57 


0.23 


3.32 


1.07 


1 


0.35 


0.53 


0.44 


0.79 


3 


1.03 


0.53 


1.32 


0.78 


5 


1.92 


0.53 


2.21 


0.87 


10 


3.36 


0.53 


4.41 


0.76 


5 


4.28 


1.07 


8.99 


0.48 


7 


5.80 


1.07 


12.59 


0.46 


1 


1.96 


1.6 


4.02 


0.49 


2 


3.55 


1.6 


8.04 


0.44 


3 


5.07 


1.6 


12.06 


0.42 


1 


2.22 


2.0 


6.28 


0.35 


1 


2.73 


2.4 


9.05 


0.30 


1 


4.17 


3.0 


14.14 


0.29 
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Table II 



Number of holes 


Initial Drug Release Rate 

(mg/h) 


Hole Surface Area 
(mm2) 


Release Rate/Hole Sur- 
face Area (mg/hymm^ 


24 


3.96 


4.62 


0.86 



Claims 

1 . A drug delivery device (10) for the controlled in situ production and release of a dispersion containing a beneficial 
agent (12). consisting essentially of: 

(A) a compressed core prepared from an admixture (11) 
corrprising 

CO a therapeutically effective amount of a beneficial agent (12); and 

(ii) a polymer (13) which upon hydration forms gelatinous microscopic particles: 

(B) a water insoluble, water inpermeable polymeric coating (16) comprising a polymer and a plasticizer, which 
surrounds and adheres to the core, the coating having apertures (1 7). exposing between 1 and 75% of the core 
surface, wherein the release rate of drug from the device is a function of the number and size of the apertures. 

2. A device as claimed in Claim 1 wherein the polymer (13) which upon hydration forms gelatinous microscopic par- 
ticles is selected from sodium polyacrylate and carboxypolymethylenes prepared from acrylic acid cross-linked with 
allylethers of suaose or pentaerythritol and the pharmaceutically acceptable salts thereof. 

3. A device as claimed in Claim 1 wherein the polymer component of the coating (1 6) Is selected from cellulose ace- 
tate, cellulose acetate butyrate, ethylcellulose, polyvinyl acetate, polyvinyl chloride and polymers of acrylic and 
methacrylic acid esters. 

4. A device as claimed in Claim 1 wherein the plasticizer component of the coating (1 6) is selected from dibutyl seba- 
cate, diethyl phthalate. triethyl citrate and polyethylene glycol. 

5. A device as claimed in any one of Claims 1 to 4 wherein the amount of beneficial agent (1 2) in the core oonprises 
from 0.01% to 75% by weight of the core mixture. 

6. A device as claimed in any one of claims 1 to 5 wherein the coaling (1 6) comprises five parts by weight off cellulose 
acetate butyrate, and one part by weight of triethyl citrate. 

7. A device as claimed in any one of Claims 1 to 6 wherein the beneficial agent (12) is an HMG CoA reductase inhib- 
itor. 

8. A device as claimed in Claim 7 wherein the HMQ CoA reductase inhibitor is selected from lovastatin, pravastatin 
and simvastatin. 

9. A device as claimed in any one of Claims 1 to 6 wherein the beneficial agent (12) is a calcium channel blocker. 

10. A device as claimed in Claim 9 wherein the calcium channel blocker is nifedipine. 

11 . The device as claimed in any one of Claims 1 to 6 wherein the beneficial agent (12) is an anti-inflammatory agent. 

12. A device as claimed in Claim 1 1 wherein the anti-inflammatory agent is indomethacin. 

13. A device as claimed in any one of Claims 1 to 12 wherein the core mixture further comprises a polymer hydration 
modulating agent (14) is selected from acids, bases, salts, sugars, surfactants and soluble polymers. 
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14. A device as claimed in any one of Clain^ 1 to 13 wherein the number of apertures ranges from 2 to 100 and the 
apertures range from 0.1 mm to 20 mm at their widest point 

1 5. A drug delivery device (1 0) as claimed in Claim 1 , for the controlled in situ production and release of a dispersion 
containing lovastatin, consisting essentially of: 

(A) a compressed core prepared from an admixture comprising 

(i) a therapeutically effective amount of lovastatin: 

(ii) a polymer (13) which upon hydration forms gelatinous microscopic particles; 

(iii) an effective amount of sodium citrate as a polymer hydration modulating agent (14); 

(B) a water insoluk)le, water impermeable polymeric coating (16) comprising cellulose acetate butyrate which 
sun'ounds and adheres to the core, the coating having apertures (1 7). exposing between 1 and 75% of the core 
surface, wherein the release rate of lovastatin from the device (10) is a function of the number and size of the 
apertures. 

16. A drug delivery device as claimed in Claim 15, wherein the polymer (13) which upon hydration forms gelatinous 
microscopic particles is a carboxypolymethylene prepared from acrylic acid cross-linked with allylethers of sucrose 
or pentaerythritol. 

17. A drug delivery device as claimed in Claim 15. wherein the water insoluble, water impermeable polymeric coating 
(16) contains from three to 100 apertures. 

18. A process for the preparation of a device (10) as claimed in Claim 1 for the controlled release of a beneficial agent 
(12) wherein: 

(A) the core is prepared by either dry mixing or wet granulating the polymer (13) which upon hydration pro- 
duces gelatinous microscopic particles, the beneficial agent (12) and other excipients required in the prepara- 
tion of tablets and compressing the mixture into cores; 

(B) coating the entire core with the coating (16) material; 
and 

(C) drilling apertures (17) through the coating (16) using a laser or mechanical drilling device. 
PatentansprQche 

1. Eine Arzneistoffabgabevon'ichtung (10) zur gesteuerten in-situ -Erzeuouno und Abgabe einer Dispersion, die ein 
nutzbringendes Mittel (12) enthait, bestehend im wesentlichen aus: 

(A) einem komprimierten Kern, der aus einem Gemisch (11) hergestelK ist das 

(i) eine therapeutisch wirksame Menge eines nutzbringenden Mittels (12) und 

ein Polymer (13), das be! der Hydratation gelatineartige mikroskopisch Meine Partikel bildet, enthait. 

(B) einem wasserunlOslichen. wasserundurchiassigen polymeren Uberzug (16), der ein Polymer und ein Pla- 
stifizierungsmittel enthait und den Kern umgibt und daran anhaftet, wobei der Uberzug Offnungen (17) besitzt, 
die zwischen 1% und 75% der Kernoberfldche freilegen, und die Qeschwindigkeit der Abgabe von Arzneistoff 
aus der Vorrichtung eine Funktion der Anzahl und GrOBe der Offnungen ist. 

2. Eine Vorrichtung wie in Anspruch 1 beansprucht. worin das Polymer (13), das bei der Hydratation gelatineartige 
mikroskopisch Weine Partikel bildet, ausgewahit ist aus Natriumpolyacrylat und Carboxypolymethylenen, die aus 
Acrylsaure, die mit Allylethern von Saccharose Oder Pentaerythrit vernetzt Ist, hergestellt sind, und den pharma- 
zeutisch annehmbaren Salzen davon. 

3. Eine Vomchtung wie in Anspruch 1 beansprucht. worin die Polymerkomponente des Uberzugs (16) ausgewahit ist 
aus Celluloseacetat, Celluloseacetatbutyrat. Ethylcellulose, Polyvinylacetat. Polyvinylchlorid und Polymeren von 
Acryl- und Methacrylsdureestem. 

4. Eine Von^ichtung wie in Anspruch 1 beansprucht. worin die Plastifizierungsmittelkomponente des Ober2ugs (16) 
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ausgewdhit ist aus Dibutylsebacat Oiethylphthalat TriethytcHrat und Polyethylengtyool. 

5. Eine Vorrichtung wie in irgendeinem der AnsprOche 1 bis 4 beansprucht. worin die Menge an nutzbringendem Mit- 
tel (12) in dem Kern 0,01 Gew.-% bis 75 Gew.-% der Kemmischung ausmacht. 

6. Eine Vorrichtung wie in irgendeinem der AnsprOche 1 bis 5 beansprucht, worin der Clberzug (16) tOnf Gewlchtsteile 
Celluloseacetatbutyrat und einen Gewichtsteil Triethylcrtrat enthalt 

7. Eine Vorrichtung wie in irgendeinem der AnsprOche 1 bis 6 beansprucht worin das nutzbringende M'rtlel (12) ein 
HMG-CoA-Reduktase-lnhibitor ist. 

8. Eine Vonichtung wie in Anspruch 7 beansprucht worin der HMG-CoA-Reduklase-lnhibitor ausgewflhlt ist aus 
Lovastatin. Pravastatin und Simvastatin. 

9. Eine Vorrichtung wie in irgendeinem der AnsprOche 1 bis 6 beansprucht worin das nutzbringende Mittel (12) ein 
Calciumantagonist ist. 

10. Eine Vorrichtung wie in Anspruch 9 beansprucht worin der Calciumantagonist Nifedipin ist. 

11. Die Vorrichtung wie in irgendeinem der AnsprOche 1 bis 6 beansprucht worin das nutzbringende Mittel (12) ein 
entzOndungshemmendes Mittel ist 

12. Eine Vorrichtung wie in Anspruch 1 1 beansprucht. worin das entzOndungshemmende Mittel Indomethacin ist. 

13. Eine Vorrichtung wie in irgendeinem der AnsprOche 1 bis 12 beansprucht. worin die Kemmischung weiter ein die 
Polymerhydratation modulierendes Mittel (14) enthalt. das ausgewahit ist aus Sauren. Basen. Salzen, Zuckern, 
oberfiachenaktlven Stoffen und lOslichen Polymeren. 

14. Eine Vorrichtung wie in irgendeinem der AnsprOche 1 bis 13 beansprucht, worin die Anzahl der Offnungen von 2 
bis 100 reicht und die Offnungen an ihrem breitesten Punkt von 0,1 mm bis 20 mm reichen. 

15. Eine wie in Anspruch 1 beanspruchte Arzneistoffabgabevomchtung (10) zur gesteuerten in^-Erzeugung und 
Abgabe einer Dispersion, die Lovastatin enthalt, bestehend im wesentlichen aus: 

(A) einem komprimierten Kern, der aus einem Qemisch hergestellt ist, das 

(i) eine therapeutisch wirksame Menge an Lovastatin, 

(ii) ein Polymer (13), das bei der Hydratation gelatineartige mikroskopisch Weine Partikel bildet. 

(iii) eine wirksame Menge an Natriumcitrat als ein die Polymeriiydratation modulierendes Mittel (14) ent- 
hdlt 

(B) einem wasserunlOslichen, wasserundurchiassigen polymeren Uberzug (16). der Celluloseacetatbutyrat 
enthalt und den Kern umgibt und daran anhaftet wobei der Uberzug Offnungen (17) besitzt, die zwischen 1% 
und 75% der Kernoberfiache freilegen, und die Geschwindigkeit der Abgabe von Lovastatin aus der Vorrich- 
tung (10) eine FunWion der Anzahl und GrOBe der Offnungen ist. 

16. Eine Arzneistoffabgabevorrichtung wie in Anspruch 15 beansprucht. worin das Polymer (13), das bei der Hydrata- 
tion gelatineartige mikroskopisch kleine Partikel bildet, ein Carboxypolymethylen ist, das aus Acrylsaure, die mit 
Allylethern von Saccharose oder Pentaerythrit vernetzt ist, hergestellt ist 

17. Eine Arzneistoffabgabevorrichtung wie in Anspruch 15 beansprucht worin der wasserunlOsllche, wasserundurch- 
lassige polymere Uberzug (16) drei bis 100 Offnungen enthalt. 

18. Ein Verfahren zur Herstellung einer wie in Anspruch 1 beanspruchten Vorrichtung (10) zur gesteueHen Abgabe 
eines nutzbringenden Mittels (12), worin: 

(A) der Kern entweder durch Trockenmischen Oder NaBgranulieren des Polymers (13), das bei der Hydratation 
gelatineartige mikroskopisch kleine Partikel erzeugt, des nutzbringenden Mittels (12) und anderer Hilfssloffe, 
die bei der Herstellung von Tabletten erforderiich sind, und Komprimieren der Mischung zu Kernen hergestellt 
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wird. 

(B) der gesamte Kern mit dem 0berzugs(16)-Matenal Qberzogen wird und 

(C) Offnungen (1 7) durch den Oberzug (1 6) gebohrt werden. wobei ein Laser oder eine mechanische Bohn/or- 
richtung venvendet wird. 

RevBndlcatlons 

1 . Dispositif de d^livrance d'un medicament (1 0) pour ia production et la liberation contrOl^es in situ d'une dispersion 
contenant un agent bdn^fique (12), consistant essentiellement en : 

(A) un noyau conriprim6 prepare k partir d*un melange (11) comprenant 

(i) une quantity tti^rapeutiquement efficace d'un agent b^n^fique (12); et 

(ii) un polymdre (13) qui forme en sYiydratant des particules microsoopiques g6latineuses: 

(B) un rev§tement polym^re impermeable k I'eau. insoluble dans I'eau comprenant un polym^re et un plasti- 
fiant. qui entoure et adhere au noyau, le revfitement comportant des orifices (17), exposant entre 1 et 75% de 
la surface du noyau, dans lequel la vitesse de liberation du medicament k partir du dispositif est fonction du 
nombre et de la taille des orifices. 

2. Dispositif selon la revendlcation 1, dans lequel le polymere (13) qui forme en s'hydratant des particules microsoo- 
piques geiatineuses est choisi parmi le polyacrylate de sodium et les cartx>xypolym6thyienes prepares k partir de 
I'acide acrylique reticule avec des allyiethers de saccharose ou de pentaerythritol et les sels pharmaceutlquement 
acceptables de telles substances. 

3. Dispositif selon la revendication 1. dans lequel le composant polymere du revetement (16) est choisi parmi Pace- 
tate de cellulose, le butyrate d'acetate de cellulose, I'ethylcellulose. I'acetate de polyvinyle, le chiorure de polyvinyle 
et les polymeres d'esters acryliques et methacryliques. 

4. Dispositif selon la revendlcation 1 . dans lequel le composant plastif iant du revetement (1 6) est choisi parmi le seba- 
gate de dibutyle. le phtalate de diethyle, le citrate de triethyle et le polyethyiene-^lycol. 

5. Dispositif selon les revendications 1 k 4 dans lequel la quantite d'agent benefique (1 2) dans le noyau comprend de 
0.01% k 75% en poids du melange constituant te noyau. 

6. Dispositif selon Tune quelconque des revendications 1 k 5. dans lequel le revetement (16) comprend cinq parties 
en poids de butyrate d'acetate de cellulose, et une partie en poids de citrate de triethyle. 

7. Dispositif selon i'une quelconque des revendications 1 k 6, dans lequel I'agent benefique (12) est un Inhibiteur de 
la HMG CoA-reductase. 

6. Dispositif selon la revendlcation 7, dans lequel Tinhiblteur de la HMG CoA reductase est choisi parmi la lovastatine. 
la pravastatine et la sinrvastatine. 

9. Dispositif selon Tune quelconque des revendications 1 k 6, dans lequel I'agent benefique (12) est un bloquant des 
canaux calciques. 

10. Dispositif selon la revendlcation 9, dans lequel le bloquant des canaux calciques est la nifedipine. 

11. Dispositif selon I'une quelconque des revendications 1 k 6. dans lequel I'agent benefique (12) est un agent anti- 
inflammatoire. 

1 2. Dispositif selon la revendlcation 1 1 , dans lequel I'agent antiinf lammatoire est llndomethacine. 

1 3. Dispositif selon I'une quelconque dos revendications 1^12. dans lequel le melange constituant le noyau comprend 
en outre un agent polymere regulateur de I'hydratation (14) choisi parmi les acides, les bases, les sels. les sucres. 
les tensio-actifs et les polymeres solubles. 

14. Dispositif selon I'une quelconque des revendications 1 k 13, dans lequel le nombre d'orifices s'echelonne de 2 ^ 
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100 et les orifices mesurent de 0,1 ^ 20 mm en largeur maxlmale. 

1 5. Dispositif de d6Iivrance d'un medicament (1 0) selai la revendication 1 . pour la production et la liberation contr6l6es 
in situ tf une dispersion contenarrt la lovastatine, oonsistant essentiellement en : 

(A) un noyau comprim6 pr6par6 k partir d'un melange comprenant 
(i) une quantity th§rapeutiqu»nent efficace de lovastatine: 

(iO un polym6re (13) qui en s'hydratant forme des particules microscopiques g6latineuses; 

(iii) une quantit6 efficace de citrate de sodium comme un agent polym6re r6gu!ateur de I'liydratation (14); 

(B) un revfitement polym6re imperm6ab!e k I'eau insoluble dans Teau (16) comprenant du butyrate d'ac6tate 
de cellulose qui entoure et adhere au noyau, le rev6tement comportant des orifices (17). exposant entre 1 et 
75% de la surface du noyau, dans lequet la vitesse de liberation de lovatstatine k partir du dispositif (10) est 
fbnction du nombre et de la taille des orifices. 

16. Dispositif de d6llvrance d'un medicament seion la revendication 15, dans lequel le polymere (13) qui forme en 
s'hydratant des particules microscopiques geiatineuses est un carboxypolymethyiene prepare k partir d'acide 
acrylique reticule avec des allyiethers de saccharose ou de pentaerythritol. 

17. Dispositif de deiivrance d'un medicament selon la revendication 15. dans lequel le revStement polymere imper- 
meable k I'eau. insoluble dans I'eau (16) contient de trois k 100 orifices. 

18. Precede de preparation d un dispositif (10) selon la revendication 1 pour la liberation contr6l6e d'un agent benefi- 
que (12) dans lequel : 

(A) le noyau est prepare soit par melange par voie seche soit par granulation par voie humide du polymere (13) 
qui en s'hydratant produit des particules microscopiques geiatineuses. I'agent b6nefique (12) et d'autres exd- 
pients requis k la preparation de comprimes et la compression du melange en noyaux; 

(B) le revdtement de la totalite du noyau avec les substances de revdtement (16); 

et 

(C) le pergage d'orif ices (1 7) e travers le revStement (1 6) en utilisant un dispositif de pergage k laser ou meca- 
nique. 
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FIG. 4 
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FIG. 7 
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